Abstract-To sove the minimization problem of the energy method in image denoising, the diffusion process of the Euler-Lagrange could be decomposed to the diffusions along the tangential direction and normal direction. In order to denoising and retained the texture information of the real scene as possible, at the texture pixels, the diffusion along the tangential direction should be retained and the diffusion along the normal direction should be controlled. Therefore we propose a new denoising method with edge diffusion along the tangential direction directly. The performance of this method is tested by single images in this thesis.
I. INTRODUCTION
As for images in different scenes and with different kinds of noise type, many models have been studied in image denoising in the previous researches . In this paper, we study the problem of image denoising based on the energy method [16] , [21] , [26] . Denote the real image as : ⊂ 2 → and the degraded image as 0 . Then the degradation model of a digital image is
where is a linear operator inducing image degradation for objective reasons, and refers to Gaussian White Noise in this paper. Tikhonov and Arsenin proposed energy functional added a regular term
where the first term refers to the difference between the restored image and the degraded image, the second term means the total gradient modulus of the restored image and is a weighting parameter [1] . In regularization energy functional, two basic condition of denoising have been concerned. Firstly, the basic structures between the restored image and the degraded image must be close enough. Secondly, the total gradient modulus of the restored image must be smaller than which of the degraded image. Based on the above two basic conditions, the energy model was established. As a result, the problem of denoising has changed to the minimization problem of energy model
Furthermore, in Ref. [3] Aubert and Vese proposed energy functional added a smooth term
. (4) In order to solve the minimization problem, Chambolle proposed the projection approach in Ref. [6] and Lions proposed the half-quadratic minimization approach in Ref. [9] . These two methods both have better performance. In fact, in the previous researches, the Euler-Lagrange equation was also mentioned. The solution of the minimization problem also satisfied the Euler-Lagrange equation
In Ref. [23] , Perona and Marik noticed that the diffusion process of the Euler-Lagrange could be decomposed to the diffusions along the tangential direction and normal direction respectively, then proposed nonlinear diffusion partial differential equation
In order to weaken noise and retain the texture information of the real scene as possible, at the texture pixels, the diffusion along the tangential direction should be retained and the diffusion along the normal direction should be controlled. Based on the above analysis, we propose a new denoising method with edge diffusion along the tangential direction directly. The performance of this method is tested by single images in this thesis.
The rest of the paper is organized as follows. In Section II, the detail of the proposed denoising method is presented. The experiments results and comparisons are shown in Section III. Finally, the conclusion is given in Section IV.
II. THE PROPOSED METHOD
Consider the energy functional added a smooth term
Supposing ( ) has a minimum at , it must satisfy the A New Method of Image Denoising Based on the Energy Method Shuang Liang, Shuli Wang, and Yu Wang 
where 1 2 refer to the first partial derivatives and 
The diffusion process of the Euler-Lagrange is decomposed to the diffusions along the tangential direction and normal direction. In order to denoising and retained the texture information of the real scene as possible, at the texture pixels, the diffusion along the tangential direction should be retained and the diffusion along the normal direction should be controlled. To come true isotropy in smooth area and the diffusion along the tangential direction, the function ( )should satisfy
Based on the above analysis, we propose a new denoising method with edge diffusion along the tangential direction directly as described below: 1) Preprocessing. To smooth the degraded image locally and denote the processed image as 
4) Diffusion. Assign different weights as the following method
where λ > 0,0 < ≪ 1.
5) The image gray value increase after the process of diffusion. So an appropriate method to make the gray value belonging in [0,255] is necessary. Here we use histogram matching method and average gray value translation method, thus keep the image average gray value and image histogram unchanged essentially. 6) Iteration. Repeat the above steps 1) -5) if the image denoising result is unsatisfied.
III. EXPERIMENTAL RESULTS
To evaluate the performance of our method, we have tested it on some test images shown in Fig.1 -Fig.3 . In the experiment, we add noise of Gaussian (0, 0.05) on each test image and observe denoising results of the first iteration and the next one applying our method. Furthermore, we measure the quality of the denoising images with some methods of image quality assessment, i.e. MSE, PSNR, SSIM, MSSIM, SNR, UQI, and VIFP, as is shown in Table I -Table III . 
IV. CONCLUSION
In this paper, we study the problem of image denoising based on the energy method. Based on the previous research, we propose a new denoising method with edge diffusion along the tangential direction directly. The performance of this method is tested by single images in this thesis.
